All the patients experienced pain and swelling in their knee after injury. The knee could only be flexed or extended actively with difficulty, and the patients could not stand or walk. Physical examination showed ecchymoma and tenderness over the knee. In five patients a gap could be palpated at the patella surface.
The fractures were classified into three types: transverse fractures (four cases), sleeve fractures (eight cases), and comminuted fractures (two cases). All fractures were considered displaced as gross articular disruption was evident on X-rays ( Fig. 1 ), but displacement was not defined in terms of an absolute measurement because of radiographic magnification caused by different protocols.
Open reduction was performed on all patients. A transverse curved incision, with the apex of the curve on the distal fragment, was used to expose the fracture. After reduction, the fractured patella was fixed with a circumferential wire or suture loop in all patients, except one with transverse fracture treated by tension band wiring. The quadriceps expansion was meticulously repaired with sutures because retinacular fibers on both sides of the patella were usually torn. The knee was immobilised in a cylinder cast for 2-4 weeks after operation. In the series described here, the results were excellent.
Results
At follow-up 2 to 20 years after operation, radiographic evidence of fracture healing was present in all cases. The Lysholm functional score [11] and Tegner activity scale [19] were assessed. Neither pain related to the knees or raAbstract Fractures of the patella are relatively rare injuries for children. Fourteen patients with patellar fractures were reviewed. There were 12 boys and two girls with the age ranging between 9 and 15 years and an average of 11.4 years. Sleeve fractures were the most common type of patellar fractures observed (eight cases), followed by transverse fractures (four cases) and comminuted fractures (two cases). All the fractures were treated with open reduction and followed up for 2 to 20 years. Overall results were good in 13 patients, and flexion limitation of the knee was seen in one. Fractures of the patella in children are characterised by sleeve fractures. The prognosis of the patients treated with open reduction is generally good. diographic degeneration was found. Thirteen patients had excellent results with a functional score of 100 points and activity levels of 7-10. Only one patient had moderate loss of motion, with a functional score of 95 points and an activity level of 6.
Discussion
The incidence of patellar fractures in children is much lower than that in adults, which may be due to either a lower number sustaining knee injuries or to special anatomic characteristics of the knee in children. Children's knee joints differ from those of adults: they have softer and more flexible ligaments, as well as articular capsule and cartilage so more joint laxity is provided to keep the patella from injury. Furthermore, the patella is mainly composed of cartilage, allowing the bony component of the patella to escape fracture. This is also why fractures in this series occurred in children with a greater ossification centre.
The mechanism of patellar fractures in children is the same as that in adults: most fractures occur from indirect forces produced by violent and sudden contraction of the quadriceps against resistance, as occurs in sporting activity. All patients in this study sustained fractures in this manner with the exception of two comminuted fractures that occurred as the result of a direct blow in a traffic accident. Although Grogan et al. [7] subclassified avulsion fractures of the patella as superior, inferior, medial and lateral, indirect violence usually results in avulsion of the lower pole of the patella [2, 8, 9, 20] due to the "fulcrum" formed by contact of femoral trochlea with patella. If the ossification centre is small, a cartilaginous avulsion may occur, but either no fractures result or only a thin bony sleeve is pulled off. Sleeve fractures of the patella are believed to be the most common type of patellar fractures in children. As demonstrated in our series, 8 of 14 patients suffered from a sleeve fracture, accounting for 57.1% of all fractures.
Because the distal bony fragment in sleeve fractures is often so small, the correct diagnosis may be missed or delayed. In a sleeve fracture of the patella, the cartilaginous injury is much more extensive than the bony invasion shown by radiography. A patellar sleeve fracture in children differs from fracture of the lower pole of the patella in adults: the fracture is intra-articular and requires timely repair. When a child presents with knee injury and swelling, patellar fracture should be suspected. In some patients, a gap may be palpable at the lower pole of the patella, or the patella may ride abnormally due to disruption of the extensor mechanism. Initial radiographs may be misleading, and the fracture is not readily apparent on X-rays. However, an awareness of the injury, together with the characteristic radiographic features, will lead to the diagnosis. Knowledge of the normal sequence of ossification in the patella [15] is essential to distinguish fractures from some anomalies of the knee joint, such as the bipartite patella [18] , fracture of the tibial tuberosity [6] , Osgood-Schlatter's disease [16] and Sinding-Larsen-Johansson disease [14] . In our experience, comparative radiograph of the contralateral side is of assistance for diagnosis. Magnetic resonance imaging is also useful for depicting the extent of cartilaginous injury [1] .
The treatment protocol for children is the same as that for adults [13] . Restoration of the extensor mechanism and realignment of the articular surface are essential [12, 17] . Some authors recommend non-operative treatment for undisplaced fractures, but malalignment [9] and heterotopic ossification [4] have been reported. In our opinion, open surgical reduction should be first considered for fractures of the patella in children, especially for sleeve fractures. The retinaculum, if torn, should be repaired after fracture fixation, and the articular surface should be realigned. In our series, the prognosis was generally good, and no growth disturbance was observed. Maguire and Canale [12] advised partial or total patellectomy for displaced, comminuted patellar fractures in children without ipsilateral tibial or femoral fractures. They did not report any poor results after patellectomy of displaced, comminuted patellar fractures. However, there have been some objections to treating displaced, comminuted patellar fractures with patellectomy [10] . Because of the objections to patellectomy, we try to save the patella, even in the case of displaced, comminuted patellar fractures. 
